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1. Introduction 
Most of the ceramic component that used in varies 
application i.e membrane, mould for casting and wall 
consists of multilayered structure [1,2]. Basically, 
ceramic double layers structure is fabricated with two 
similar and dissimilar materials and these layers can be 
connected by the diffusion bonding [3].Diffusion bonding 
of layered structures can be established via solid state or 
liquid state sintering process. This sintering stage is 
needed in order to connect the two similar and dissimilar 
materials. During diffusion stage several physical and 
metallurgical processes occur simultaneously, such as 
creep, diffusion, dislocation formation, recrystallization 
and formation of reaction product at the interface. 
Typically, bonding of the ceramic interfaces depending 
on the materials used such as alumina, silica, and titania. 
 Drying is one of the most important processes and 
complicated process for ceramic materials due to the fact 
that ceramic body will typically shrink during firing [4-
7]. This shrinkage phenomenon can lead to cracking 
mechanism and loss the quality of the final products. A 
crucial task in the drying process of ceramic green bodies 
is the minimization of non uniform drying stresses in 
order to prevent cracking and non uniform deformation in 
the green body structure [8]. Drying can be defined as a 
process of removing water from unfired body or raw 
materials in the green body. Drying will be accomplished 
by supplying energy to the ceramic in order to complete 
evaporation and drying by evaporation is commonly 
applied to a large number of materials for instance 
ceramic [9, 15]. Drying process can change the 
microstructure of materials which consequently affect the 
characteristic of the dried materials. Some of the 
materials must be dried slowly and carefully to avoid 
crack, some have to be dried as thoroughly as possible 
and others need very low temperature [16]. Several 
methods have been utilized for the purpose of ceramic 
drying starting with conventional drying method such as 
natural air drying and oven drying. However, these 
methods are not always sufficient. Over the past years, 
the microwave drying method is becoming more and 
more important regarding to advance or faster drying 
[10]. Besides, the microwave processing of materials 
offers the potential of reducing production time of 
ceramic materials and this advantage of speed up of 
drying process can lead up the reduction of energy 
requirement in processing [11]. Basically, the 
conventional drying is slow in thick materials and can 
cause the drying process taking the longer time [12]. The 
natural drying is not only slow but nonuniform where the 
surface is hotter than inside. In the previous studies [13, 
14], the microwave drying has been proved that this 
technique offered the advantage especially in drying 
acceleration and during microwave drying, the samples is 
heated from inside to the outside [17]. Thus, this 
technique is needed for the thick materials especially for 
double layers structure due to the microwave can 
penetrate internally and the interior part become hotter 
than its surface. This energy can heat materials faster than 
other drying method and the microwave drying offered 
possibility of predicting higher reduction in drying time. 
In this study, the double layers ceramic pellet were 
fabricated from Al2O3/Al2O3 and Al2O3/SiO2 using 
powder compaction technique and then dried with 
different drying modes; microwave and natural. Double 
layers of Al2O3/Al2O3 and Al2O3/SiO2 ceramics are 
expected to be used in a wide range application, such as 
for filters or membrane for gases and liquids, 
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semiconductor industries and structural products [18]. 
Basically, ceramic membranes consisting of several 
layers of one or more different ceramic materials [19]. 
The aim of this study was to investigate the influence of 
drying technique to the microstructure of the ceramic 
layer and properties. The results presented provide a basic 
understanding the effect of drying on the double layers 
ceramic bonding sintered structure.   
2. Experimental procedure  
2.1 Sample Preparation 
A commercial alumina powder (purity of 99%, 
Sigma Aldrich) and silica (industrial grade) were used in 
the preparation of double layers ceramic. Then, the 
alumina and silica powder with different particle size 
were added with 5% binder, polyvinyl alcohol (PVA) and 
the mixture was milled for 30 minutes by using ball mill 
until the mixture was homogenized. The two groups of 
double layers pellets Al2O3/Al2O3 and Al2O3/SiO2 were 
fabricated with two similar and dissimilar materials see 
Fig.1. The particle sizes of 90μm and below 45μm were 
used for double layers Al2O3/ Al2O3 structure whereas 
alumina (90μm) and silica (below 45μm) were used for 
Al2O3/SiO2 pellets. The pressure applied on the samples 
was 3 tons for 3 minutes for each of the layer. 
 
(a) 
 
(b)    
Fig. 1 (a) and (b) Schematic representation of ceramic 
double layered structures 
2.2 Drying Conditions 
After the desired double layers samples were 
fabricated, the samples were dried by using microwave 
and natural drying. Under microwave drying, the samples 
were removed periodically from the microwave for every 
10 minutes. This procedure was repeated until the desired 
moisture content (constant in weight) was achieved. The 
time taken for the samples to reach desired moisture 
content also was recorded. On the other hand, natural 
drying also was carried out at room temperature for 24 
hours.  
After drying process, the green bodies were sintered 
in a temperature programmable furnace. The sintering 
involves two stages, the first stage is 500oC in order to 
burn out the binder, PVA and followed by densification 
of ceramic bodies at 1550oC, both with the heating rates 
of  2oC/min. The samples were soaked for 3 hours during 
the densification process. 
 
2.3 Properties Characterizations 
The sintered double layers ceramic structures were 
characterized by physical properties and microstructural 
analysis. The linear shrinkage of double layered 
structures was determined using the following equations:  
Shrinkage   %100×−=
di
dd fi
            
 
where di   is the diameter of sample before drying and 
df    is the diameter after drying of green and sintered 
double layered structure. The diameter was measured by 
vernier caliper (Mitutoyo) and average values were taken. 
Archimedes’ method was used for calculation of the 
density and porosity of the sample after sintering process. 
The measurement of density and porosity were carried 
out by using Mettler Toledo Density Kit. The density and 
porosity of the ceramic pellets were calculated by using 
mass of dried sample, Wd, mass of immersed and 
suspended specimen in liquid, Ws and mass of immersed 
and suspended specimen in air, Ww. 
 
Porosity %100×−
−=
sw
dw
WW
WW
    
 
Density %.100×−= sd
d
WW
W
                       
 
Scanning electron microscope, SEM (JEOL, JSM-
638OLA) was used to examine the cross section of the 
sample. The sample micrographs were observed by using 
back scattered electron mode using 100 × magnifications. 
3. Experimental procedure  
3.1 Linear Shrinkage 
Shrinkage phenomenon occurs in ceramic bodies 
during water removal in drying and sintering process 
which sometimes can result in physical defects in ceramic 
products such as crack and warping. Percentage of 
shrinkage and percentage of expansion for sintered 
double layers pellet between natural drying and 
microwave drying is shown in Fig. 2. Fig. 2 (a) shows 
that the double layers Al2O3/Al2O3 undergoes shrinkage 
while the double layers Al2O3/SiO2 undergoes expansion 
after the sintering process. This graph shows that the 
microwave drying gives the lowest value of drying 
shrinkage for two similar materials, Al2O3/Al2O3.  
Typically, the drying process in microwave is more 
uniform due to the penetration depth [15, 20] of the 
microwave radiation and allows the shrinkage take place 
from the centre the surface of the material. As shown in 
Fig. 2 (a), double layers Al2O3/Al2O3 structure has a 
stable percentage for both drying method meanwhile the 
   (2) 
     (3) 
(1) 
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percentage of expansion for double layer Al2O3/SiO2 
significantly different expansion between both of the 
techniques. The Al2O3/SiO2 structure undergoes 
expansion due to the sintering temperature. This double 
layered structures were sintered at 1550oC (based on 
sintering temperature of Al2O3) and this causes the 
molten silica flow into the alumina structure. This is due 
to the fact that silica has slightly lower sintering 
temperature. In this case also, the microwave drying gives 
a higher percentage of expansion compare to the natural 
drying technique due to the fact that this drying method 
also allows the particles stacking closed together which 
provide a good path for the diffusion process in the later 
stage of sintering process. 
 
(a) 
 
 
(b) 
Fig. 2 (a) Percentage of shrinkage for double layers 
Al2O3/ Al2O3   and (b) percentage expansion for double 
layers Al2O3/ SiO2 
3.2 Porosity and Density 
Table 1 displays the percentage of apparent porosity and 
bulk density for sintered double layers Al2O3/Al2O3 and 
Al2O3/SiO2 structure. Table 1 shows that microwave 
drying produced higher porosity for sintered double 
layers Al2O3/Al2O3 structure compared to natural drying. 
Basically, shrinkage has an influence to the porosity 
where an increase in shrinkage results in the reduction of 
porosity in the sintered ceramic bodies. As expected, the 
different double layers structure give different porosity 
and density. It showed that the natural drying produced 
the higher porosity and lower density for double layers 
Al2O3/SiO2. Density and porosity are interrelated 
properties in ceramic materials. Theoretically, ceramic 
bodies with higher porosity will have a low density. The 
decrease of the bulk density is due to the increase of the 
porosity in sintered ceramic bodies. The finding reveals 
that shrinkage phenomenon is strongly related to the 
porosity and density. 
 
Table 1 Porosity and density of double layers 
Al2O3/Al2O3 and Al2O3/SiO2  
 
    Property Al2O3/Al2O3 Al2O3/SiO2 
Drying 
Porosity 
(%) 
Density 
(g/cm3) 
Porosity 
(%) 
Density 
(g/cm3) 
Microwave 33.47 3.60 26.55 2.85 
Natural 31.85 3.69 27.50 2.79 
 
3.3 Microstructural Analysis 
SEM (Fig. 3 and 4) micrographs with EDS analysis 
(Fig.5) present the microstructure of sintered double 
layers structure Al2O3/Al2O3 and Al2O3/SiO2. In natural 
drying, the particles are less agglomerated to each other 
and obviously create two separated layers for both cases 
while microwave offered uniform drying which caused 
the particle stacked closely together. This is clearly 
shown in Fig. 3(b) and 4(b) where the layer obviously 
separated for both double layers (Al2O3/Al2O3 and 
Al2O3/SiO2) with the natural drying due to the 
uncontrolled drying process. Theoretically, the ceramic 
materials need a slow and controlled drying stage to 
avoid the cracking mechanism in ceramic green bodies. 
The structure obtained in Fig. 3 (a) and 4(a) clearly 
shown that both double layers structure have good 
linkage between layers with no crack and deformation in 
the sample. In natural drying, larger grains were obtained 
in the sintered double layered ceramic structure and this 
is opposite from the microwave drying where the 
application of microwave has successfully produced 
smaller grain in the sintered double layers structure. 
These result indicated that the microwave absorption 
characteristics vary depending on the microstructure 
where the finer and better microstructure can be produced 
by the microwave processing. 
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                                 (a) 
 
                                    (b) 
Fig. 3 Cross sectional images of sintered double layers 
ceramic structure (Al2O3 / Al2O3) that dried using 
different technique; (a) microwave, (b) natural 
 
 
(a) 
 
 
 
 
(b) 
 
Fig. 4 Cross sectional images of sintered double layers 
ceramic (Al2O3 / SiO2) that dried using different 
technique; (a) microwave (b) natural. 
 
 
 
                                      (a) 
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                                       (b) 
Fig. 5 EDS mapping for double layers ceramic Al2O3 / 
SiO2 
4. Conclusion 
The application of microwave technique in 
drying double layers ceramic structure has 
potential to improve the properties of the structure. 
This is due to the several advantages of microwave 
drying such as shorter drying time which is good 
for thick samples especially for double layers 
structure and more uniform over the cross section 
part than other natural drying method. This is due to 
the penetration depth of the microwave radiation 
that can cause the water evaporated more uniform 
either at surface or centre. Meanwhile the uniform 
drying can lead to a homogenous temperature 
distribution and causes the shape of the sample 
maintains in the most of the structure. The finding of 
this study revealed that the microwave drying 
improves the properties of Al2O3/Al2O3 and 
Al2O3/SiO2 double layered structures.  
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